Abstract. This study was conducted to evaluate the effect of partial and total substitution of lucerne hay with pistachio by-product on nutrient intake, apparent digestibility, rumen fermentation, digesta kinetics, blood metabolites, nitrogen retention and microbial protein synthesis in Baloochi sheep. Six sheep with a bodyweight of 40.1 AE 1.77 kg fitted with ruminal and abomasal cannulae were assigned at random to three diets in a double 3 · 3 Latin-square design. The dietary treatments included a control (basal diet), low pistachio by-product diet (50% of the lucerne hay in the basal diet was replaced by pistachio by-product), and high pistachio by-product diet (all of the lucerne hay in the basal diet was replaced by pistachio by-product). The daily basal diet was 500 g/kg DM lucerne hay, 250 g/kg DM wheat straw, 210 g/kg DM barley grain, 30 g/kg DM cotton seed meal, 8 g/kg DM vitamin-mineral supplement and 2 g/kg DM salt. Faeces and urine were collected for 8 days and used to estimate digestibility, nitrogen retention and microbial protein synthesis. Sheep were dosed ruminally with Cr-EDTA (2.27 g/L) and rumen samples were evaluated for pH, volatile fatty acids, ammonia nitrogen concentrations and digesta kinetics. The intake of neutral detergent fibre, purine derivatives excretion, volatile fatty acid concentrations in the rumen and ammonia nitrogen in the abomasum decreased (P < 0.05). Ether extract intake and ruminal pH was increased at 5 h after feeding (P < 0.05) as the level of pistachio by-product in the diet increased. Total pistachio by-product replacement for lucerne hay increased (P < 0.05) apparent digestibility of nitrogen, ether extract, organic matter and nitrogen retention and decreased (P < 0.05) microbial protein synthesis, efficiency of microbial protein synthesis and ammonia nitrogen in the rumen. The inclusion of pistachio by-product had no effect on blood metabolites and digesta kinetics. Based on these results it was concluded that pistachio by-product can be considered as a useful replacement for lucerne hay in the diet of Baloochi sheep without any negative impacts on their responses. Moreover, pistachio by-product inclusion in diet improved nitrogen metabolism in Baloochi sheep.
Introduction
According to the Food and Agriculture Organisation (FAO 2005) Iran is the largest pistachio (Pistachio vera) producer in the world. Excluding Iran, the top four pistachio producers in the world are United States, Syria, Turkey and China. Over the last 5 years total pistachio by-products (PB) production in Iran has been increased at an average rate of~310 000 t per year. PB primarily consists of pistachio hull, and then peduncles, leaves and a little amount of mesocarp and kernels (Bohluli et al. 2007) . PB contains 158.2 g/ kg crude protein (CP), 69.5 g/kg ether extract (EE), 250 g/kg neutral detergent fibre (NDF) and 207.5 g/kg acid detergent fibre (ADF) (Behgar et al. 2009 ). Using PB in the diets of ruminants reduces the feed cost and environmental pollution ). In recent years, the results of some experiments demonstrated that PB could be integrated into livestock feeding (Vahmani and Naserian 2006; Gholizadeh et al. 2009 Gholizadeh et al. , 2010 . However, PB contains a high level of phenolic compounds and tannins, which can affect their utilisation by animals (Gholizadeh et al. 2010) . Phenolic contents of PB include 75-95 g/kg total phenol and 35-45 g/kg tannin (Bohluli et al. 2007 ). The chemical composition and tannin content of PB vary with the cultivars of pistachio (Bohluli et al. 2007) , harvesting time (Hashami et al. 2008 ), drying and de-hulling processes (Bohluli et al. 2007) . Moderate amounts of tannins have been reported to exert beneficial effects on protein metabolism in ruminants (Frutos et al. 2004) . The reduction of ruminal protein degradation may be the most significant and well known effect of tannins (Frutos et al. 2004) . In general, this reduction in protein degradation is associated with a lower production of ammonia nitrogen (AN) and greater non-ammonia nitrogen (NAN) flow to the duodenum (Frutos et al. 2004) . The mechanisms by which tannins reduce ruminal degradation of different dietary components are not entirely clear. Among the most accepted are substrate privation, enzyme inhibition and direct action on rumen microorganisms (McSweeney et al. 2001a) . Some previous studies showed that feeding PB at high levels decreased feed intake, blood glucose, cholesterol, triglyceride, ruminal AN concentration, and increased abomasum AN and blood urea nitrogen (BUN) in Baloochi sheep and dairy cows (Gholizadeh et al. 2009 (Gholizadeh et al. , 2010 . Also, Mahdavi et al. (2010) suggested that high levels of PB had negative effects on lamb growth. However, there is little information about PB feeding in ruminants. The present study was conducted to evaluate the effects of PB replacement for lucerne hay (LH) on nutrient intake and digestion, rumen fermentation pattern, digesta kinetics, blood metabolites and microbial protein synthesis (MPS) in Baloochi sheep.
Materials and methods

Animals and diets
Six Baloochi sheep (BW 40.1 AE 1.77 kg), fitted with ruminal and abomasal cannula were housed indoors in individual metabolism cages suitable for separate collection of faeces and urine in a temperature-controlled building (~22 C) with constant lighting. All isoenergetic and isoproteic diets were supplied as total mixed ration, and offered at maintenance level once daily at 0800 hours. The sheep had access to clean water at all times. Sheep were randomly assigned in a double 3 · 3 Latin-square design to dietary treatments. Dietary treatments consisted of control diet (basal diets), low PB diet (50% of LH in the basal diet replaced by PB) and high PB diet (all of LH in the basal diet replaced by PB). The substitution of LH with PB was made on a DM basis. The diets were formulated for maintenance requirements according to AFRC (1993) . The basal diet consisted of 500 g/kg DM LH + 250 g/kg DM wheat straw + 250 g/kg DM concentrate. The ingredients and chemical composition of the experimental diets are shown in Table 1 . Pistachio by-product was the current year's annual growth, hand-harvested near Bardaskan (Iran) during summer 2009. Harvested PB was sun cured before use. Chemical composition of PB is shown in Table 2 .
The trial consisted of three periods and each composed of 14-day adaptation and 8-day data collection including measurement of nutrients intake and digestion, N balance and digesta flow.
Nutrient intake and digestibility and N balance
During the 8 days of the collection period, the amount of feed given and the feed left over after feeding were weighted and individual samples were collected daily and composited by animal for DM determination. Composited samples were dried (60 C) and ground to pass through a 1-mm screen (Retsch Cutting Mill, Retschmule, Germany) and then used for analysis.
Fecal samples (0.1 daily outputs) were collected and composited by animal over the 8-day collection period. The composited fecal samples were then mixed well and duplicate batches were dried to a steady mass at 60 C over 72 h, for determination of DM content, and then ground to pass through a 1-mm screen for later chemical analyses. Urine from each animal was collected daily in plastic vessels containing 100 mL sulfuric acid solution (0.1, v/v) to maintain a pH level below three, weighed, mixed well and a 0.1 daily aliquot was pooled over the 8-day collection period per animal. The bulked urine samples were stored at À20 C until chemical analysis. Apparent digestibility of nutrients was estimated by the marker ratio technique using acid-insoluble ash as an internal marker (Van Keulen and Young 1977) .
Blood metabolism
Blood samples (10 mL) were taken from each animal from the jugular vein in the last day of each period just 2 h after the 0800 hours feeding. Blood was allowed to clot at room temperature for 30 min, centrifuged at 3000g for 15 min at 4 C and serum stored at À20 C for analysis.
Digesta flow measurement and rumen fermentation
Animals were dosed with 300 mL Cr-EDTA (2.77 g/L) from Days 15 to 22 of each period. Samples of ruminal content (fluid strained through cheesecloth) were obtained at 2, 5, and 24 h after dosing on the last day of each period (Day 22). Ruminal fluid samples were centrifuged at 10 000g for 30 min at 4 C and clear fluid was stored at À20
C for Cr determination. Ruminal fluid volume, dilution rate, fluid flow rate and turnover time were calculated by regressing the natural logarithm of Cr concentrations against sampling times (Warner and Stacy 1968) . Additional rumen samples were collected at 0, 2 and 5 h after feeding on Day 21. Ruminal pH was measured using a pH meter (Metrohm 691, Sweden) and samples were strained through four layers of cheesecloth, 10 mL of rumen fluid were acidified with 10 mL of 0.2 N HCl for AN determination and 8 mL of rumen fluid (5 h after feeding) was added to 2 mL of deproteinising solution (250 mL/L of metaphosphoric acid and 200 mL 2-ethyl butyric acid) for volatile fatty acid (VFA) determination. Samples were stored at -20
• C until they could be analysed. On Day 21 of each period abomasum fluid samples were obtained from abomasal cannula 5 h post feeding. Samples were stored at -20
• C until analysis.
Chemical analyses
Samples of feed, orts and faeces were analysed for DM, organic matter (OM), EE and N by standard procedures (AOAC 1995) . NDF was determined according to Van Soest et al. (1991) without amylase and sodium sulfite application. Total phenols and tannins and condensed tannin (butanol procedure) in the PB and dietary treatments used in the experiment were determined in aqueous acetone (70 : 30, acetone : distilled water; v/v) extracts, as described by Makkar (2003a) . Urine samples were analysed for N and purine derivatives as an index of MPS according to Chen and Gomes (1995) . The amount of the four purine derivatives (uric acid, allantoin, xanthine and hypoxanthine) excreted in the urine was expressed as gram of microbial N per kilogram of digestible OM daily intake using coefficients established on sheep (Chen and Gomes 1995) after correction for metabolic weight. Glucose, BUN, potassium, iron and creatinine were determined by autoanalyzer (Selectra XL). AN was determined from 5 mL samples of ruminal and abomasal fluid in 30 mL saturated sodium tetra borate solution by steam distillation and librated ammonia was captured in 2% boric acid solution and titrated against 0.2 N HCl (Komolong et al. 2001) . Ruminal VFA concentrations were determined by gas chromatography (Vanzant and Cochran 1994) . Cr concentration in ruminal fluids was determined using an atomic absorption spectrometer with an air-acetylene flame.
Statistical analyses
The statistical model is as follows:
where Y ijkl = observation ijkl; m = the overall mean; T l = the effect of treatment i; SQ j = the effect of square j; Period (SQ) kj = the effect of period k within square j; Sheep (SQ) lj = the effect of sheep l within square j and e ijkl = random error with mean 0 and variance s2. Data were analysed using the GLM procedure of SAS (SAS 2001) . Before the statistical analysis data was tested for normality using the Proc UNIVARIATE in SAS (SAS 2001) . The Tukey test was used to assess the significance of differences between treatment means where the overall treatment effect was significant (P < 0.05).
Results
Intake, apparent digestibility and N balance
Data on intake, apparent digestibility of nutrients and N balance are given in Tables 3 and 4 . DM, OM and CP intakes were similar among all dietary treatments, but NDF intake decreased (P = 0.03) while EE intake increased (P = 0.01) with increasing the level of PB in the diets. Total PB replacement for LH in the diet was increased (P < 0.05) the total apparent digestibility of CP, EE and OM. There was also a decrease (P < 0.01) in the amount of N excreted in the faeces, urine and an increase in N retention.
Blood metabolites
Serum BUN, glucose, creatinine, potassium and iron are shown in Table 5 . The inclusion of PB in the diets had no effect on blood metabolites.
Ruminal fermentation parameters
Ruminal pH at 5 h after feeding was increased (P < 0.01) with increasing the level of PB in the diets (Table 6 ). Inclusion of PB in the diet reduced (P < 0.01) total VFA concentration, individual VFA concentration and AN in the rumen and abomasums liquor (Table 6 ). 
Digesta flow
Fluid dilution rate, total turnover time, ruminal fluid volume and fluid flow rate (outflow from the rumen) are shown in Table 7 . The inclusion of PB in the diets had no effect on digesta kinetics.
Estimation of microbial protein synthesis
Purine derivatives excretion decreased (P < 0.01) with increasing the level of PB in the diets (Table 8) . Total substitution of LH by PB decreased (P = 0.01) MPS and efficiency of MPS (Table 8) .
Discussion
Intake, apparent digestibility and N balance
In the present study partial and total substitution of LH by PB increased EE (control 14.4 g/kg DM versus high PB 35.8 g/kg) and decreased NDF (control 504.7 g/kg DM versus high PB 415.7 g/kg) content of experimental diets (Table 1) . It is well known that these two parameters affect digestion, metabolic responses and microbial activity. However, the level of EE in the high PB diet was below the general recommendation (60-70 g/kg DM) that affect these parameters (Jenkins 1993; NRC 2001) . Weimer et al. (1999) reported that decreased dietary NDF to 22.9% of DM did not affect cellulolytic bacteria in the rumen of lactating dairy cows. In the present study the level of NDF in high PB was 41.57% of DM that was higher than this amount. As mentioned above, PB used in this study had higher fat content (58 g/kg) compared with LH, thus the intake of EE was increased with increasing the level of PB in the diets. NDF content of PB was less than NDF content of LH (259.4 versus 500 g/kg), therefore the intake of NDF decreased with inclusion of PB in the diets. The replacement of PB for LH tended to decrease N intake, due to poor palatability of PB. Ben Salem et al. (2005) claimed that tannins cause an astringent sensation in the mouth of the animal, this sensation results in a negative feedback which reduces the consumption of tannin-rich feeds. DM, OM and N intake were similar across treatments. Similar results were observed by others (Vahmani and Naserian 2006; Getachew et al. 2008a; Gholizadeh et al. 2010) . Gholizadeh et al. (2009) reported that replacement of PB for beet pulp decreased DM intake in Baloochi sheep. Inconsistency in these results and our findings could be related to difference in digestion potential of sugar beet pulp and PB. After 72 h rumen incubation, 96 and 89% of DM had disappeared for beet pulp and PB, respectively (Grenet and Barry 1990; Mahdavi et al. 2008) .
Total replacement of PB for LH increased OM, CP and EE apparent digestibilities. Higher EE digestibility in sheep fed PB may have resulted from greater EE intake (Palmquist 1991) . Moreover, more CP digestibility in sheep fed PB may have resulted from lower N intake and greater N balance. DM and NDF apparent digestibilities were not affected by the experimental diets. These results are consistent with some previous studies (Getachew et al. 2008a) . In contrast to our findings, Zimmer and Cordesse (1996) observed that DM, OM and NDF digestibilities were decreased by hydrolysable tannins. Moreover, Bagheripour et al. (2008) showed that OM degradability of pistachio hull was decreased by tannins and addition of polyethylene glycol (PEG) improved in vitro OM degradability. Although using PEG can help to define the overall effect of PB tannins, authors could not find any study in which diets containing PB treated with PEG. Total replacement of PB for LH decreased N excretion in faeces and urine therefore, N retention was increased. Similar results were observed by Driedger and Hatfield (1972) , Mathieu and Jouany (1993) , Hervás et al. (2000) and Poncet and Remond (2002) . Frutos et al. (2004) reported that, tannins decrease the rate of protein degradation and de-amination in the rumen and, therefore, lower ruminal AN and urinary N loss. Moreover, Getachew et al. (2008a) observed no effect of tannin on N retention.
Blood metabolites
In the present study, blood metabolites were not affected by the experimental diets. In contrast to our findings, Gholizadeh et al. (2009) observed that replacement of PB for beet pulp increased serum BUN and AN in abomasums. Increase in abomasums AN caused an increased in serum BUN in this experiment. In another study, Nastis and Malechek (1981) showed that replacement of oak for lucerne raised BUN concentration.
Ruminal fermentation parameters
Concentrations of AN in the rumen and abomasums, total VFA, acetic, propionic + isobutyric, and isovaleric acids in the rumen were decreased and ruminal pH at 5 h after feeding was increased with increasing level of PB in diets. Lower ruminal AN concentration in sheep fed PB may have resulted from a greater concentration of tannins that bound to proteins and decreased proteolysis resulting in a reduction of AN in rumen fluid (Singh et al. 2001; Frutos et al. 2004; Getachew et al. 2008a Getachew et al. , 2008b . Depression in VFA concentrations in the present study might be related to lower microbial activity of rumen in the presence of tannins (Bhatta et al. 2009 ). The concentration of iso valeric acid was very low in PB-containing diets. Iso-acids are derived from amino acids catabolism by cellulolytic bacteria in the rumen (Mackie and White 1990) . Concentrations of iso-acids were lower in the presence of PB tannin because the protein was protected from bacterial deamination. This result is consistent with the effect of PB on the production of AN in the rumen, similar results were observed by Bhatta et al. (2009) and Getachew et al. (2008a) . Also, Silanikove et al. (1996) reported that VFA production during in vivo and in vitro fermentation was reduced when the substrate contained different kinds of tannin. Higher ruminal pH in sheep fed PB contained diets may have resulted from lower AN and VFA concentrations in the rumen. In contrast to our finding, Yildiz et al. (2005) reported no difference in AN, VFA level and ruminal pH, in lambs receiving oak leaves.
Digesta flow
Fluid dilution rate can affect MPS efficiency (Van Soest 1982) and ruminal fermentation (Stell and Galyean 1985) . The replacement of PB for LH had no effect on digesta kinetics. Similar results were reported by Poncet and Remond (2002) in sheep.
Estimation of microbial protein synthesis
In the present study, replacement of PB for LH decreased purine derivatives excretion, MPS and efficiency of MPS. According to Zimmer and Cordesse (1996) , addition of tannins had no significant effect on the flow of MP in sheep and goats. Yildiz et al. (2005) found that MPS increased without alteration in VFA production in rumen fluid of lambs receiving oaks. In the present study, one of the reasons for decreasing MPS might be lower AN concentration in the rumen (McSweeney et al. 2001b ).
Conclusion
The results from the present study indicated that PB can be considered as a useful replacement for LH without any negative impact on sheep responses. Moreover, PB inclusion in the diet improved N metabolism in Baloochi sheep. Further research is needed to determine the optimal level in the diets PB for fattening sheep. Using tannin-binding agents (e.g. PEG) and extracted tannins will also help to define the overall effect of tannins on animal performance.
